We investigate the possibility of a large B s -B s mixing phase in the context of grand unified theory (GUT) models, e.g., SO(10) and SU(5). In these models, we find that a large phase of B s mixing is correlated with Br(b → sγ), Br(τ → µγ) and Br(B s → µµ) for large tan β. In the case of the SO(10) model, the large phase of B s mixing is correlated with Br(b → sγ) and Br(B s → µµ) and we find that a large B s mixing corresponds to an enhanced Br(B s → µµ) about to be probed by the Tevatron. In the case of the SU(5) model, the large phase is correlated with Br(τ → µγ) and Br(B s → µµ). In this case, the Br(τ → µγ) constraint requires a smaller pseudo-scalar Higgs mass which in turn generates a large Br(B s → µµ) almost at the edge of present experimental constraint. If the present observation of large phase of B s mixing persists in the upcoming data, using all these branching ratios, we will be able to distinguish these models.
The UTfit group made a combined data analysis including the semileptonic asymmetry in the B s decay, and find that the CP violating phase deviates more than 2.5σ from the SM prediction [2] . If this large phase still persists in the upcoming results from Fermilab, it implies the existence of new physics (NP) beyond SM and that the NP model requires a flavor violation in b-s transition as well as a phase in the transition. The nature of flavor changing neutral currents (FCNCs) and the CP violating phase is very important to test the existence of new physics beyond the standard model. Supersymmetry (SUSY) is the most attractive candidate to build NP models. The gauge hierarchy problem can be solved and a natural aspect of the theory can be developed from the weak scale to the ultra high energy scale. In fact, the gauge coupling constants in the standard model can unify at a high scale using the renormalization group equations (RGEs) involving the particle contents of the minimal SUSY standard model (MSSM), which indicates the existence of grand unified theories (GUTs). The well motivated SUSY GUTs have always been subjects of intense experimental and theoretical investigations. Identifying a GUT model will be a major focus of the upcoming experiments.
In SUSY models, the SUSY breaking mass terms for squarks and sleptons must be introduced, and they have sources of FCNCs and CP violation beyond the Kobayashi-Maskawa theory. In general, they generate too large FCNCs, and thus the flavor universality is often assumed in squark and slepton mass matrices to avoid the large FCNCs in the meson mixings and the lepton flavor violations (LFV) [3] . The flavor universality is expected to be realized by the Planck scale physics. However, even if the flavor universality is realized at a scale such as the GUT scale or the Planck scale, the non-universality in the SUSY breaking sfermion masses is generated from the evolution of RGEs, and they can generate a small flavor violating transitions, which can be observed in the ongoing experiments.
In the MSSM with right-handed neutrinos, the induced FCNCs from RGE effects are not large in the quark sector, while sizable effects can be generated in the lepton sector due to the large neutrino mixing angles [4] . In GUTs, the loop effects due to the large neutrino mixings can also induce sizable effects in the quark sector since GUT scale particles can propagate in the loops [5] . As a result, the patterns of the induced FCNCs highly depend on the unification scenario, and the contents of the heavy particles. Therefore, it is important to investigate the FCNC effects to obtain a footprint of the GUT models. If the quark-lepton unification is manifested in GUT models, the flavor violation in b-s transition can be responsible for the large atmospheric neutrino mixing [6] , and thus, the amount of the flavor violation in b-s transition (the second and the third generation mixing), which is related to the B s -B s mixing and its phase, has to be related to the τ → µγ decay [7, 8, 9, 10] for a given particle spectrum. The branching ratio of the τ → µγ is being measured at the B-factory, and thus, the future results of LFV and the ongoing measurement of the phase of B s -B s mixing will provide an important information to probe the GUT scale physics.
In Ref. [9] , we have studied the correlation between Br(τ → µγ) and φ s , the phase in B s -B s mixing, comparing SU(5) and SO(10) GUT models, and investigated the constraints in these models from the observations in order to decipher GUT models. The flavor violation originating from the loop correction via the heavy particles can be characterized by the CKM (Cabibbo-Kobayashi-Maskawa) quark mixing matrix and the MNSP (Maki-Nakagawa-SakataPontecorvo) neutrino mixing matrix, as well as the size of the Yukawa couplings. Since the CKM mixings are small, it is expected that the neutrino mixings dominate the source of FCNCs at low energy. It is important to know whether the large neutrino mixings originate from the Dirac neutrino Yukawa coupling or the Majorana-type Yukawa coupling. When the large neutrino mixings originate from the Dirac neutrino Yukawa couplings in a GUT model, the (squared) right-handed down-type squark mass matrix, M , can also have flavor non-universality in addition to the other sfermions.
In the minimal-type of SU (5) GUT, the large neutrino mixing originates from the Dirac neutrino coupling if there is no fine-tuning in the seesaw neutrino matrix. On the other hand, in the minimal-type of SO(10) GUT, the large neutrino mixing can originate from the Majoranatype coupling. In general, since SU(5) is a subgroup of SO (10) , one can construct a model where the neutrino mixing originate from the Majorana-type coupling in non-minimal-type of SU (5) GUT. Also, if we allow the fine-tuning in the Yukawa coupling matrices, the Dirac neutrino Yukawa coupling can be the source of the large mixing even in the SO(10) model. Actually, there is a little ambiguity to determine the minimal SU (5) (10) GUT boundary condition. The large phase of B s -B s mixing, as well as the other flavor violating processes, can tell us which type of boundary condition is preferable.
We analyzed the case of lower tan β (which is a ratio of the vacuum expectation values of up-and down-type Higgs fields) in the Ref. [9] . In such a case, the box diagram contribution will dominate the SUSY contribution of B s -B s mixing amplitude, and we found that the SO (10) boundary condition is more important to obtain the large phase of B s -B s mixing. When tan β is large, the so called double penguin contribution [11, 12] can dominate the SUSY contribution rather than the box contribution unless the pseudo Higgs field is heavy. In such cases, the B s → µµ decay [13, 12] will be enhanced close to its experimental bound [14] . In other words,
if the large phase of B s -B s mixing originates from the double penguin contribution, the B s → µµ decay will be observed very soon, and it is worth to examine the constraints if a large phase is really generated from the double penguin contribution. In this paper, we will investigate the double penguin contribution of the B s -B s mixing, as well as the other flavor violating processes including B s → µµ, b → sγ, and τ → µγ in the context of SO (10) and SU(5) models.
The paper is organized as follows: In section 2, we will describe the FCNC sources in SUSY GUT models. The two typical boundary conditions in both SU (5) and SO(10) model are considered. In section 3, we will describe the SUSY contributions of B s -B s mixing amplitudes, including the box diagram and the double penguin contribution. The constraint from B s → µµ, b → sγ, τ → µγ in the models are also noted. In section 4, we will show our numerical work on the both kinds of the GUT models. Section 5 devotes the conclusion and remarks.
FCNC sources in SUSY GUTs
In SUSY theories, the SUSY breaking terms can be the sources of flavor violations. In general, it is easy to include sources of flavor violation by hand since the SUSY breaking masses with flavor indices are parameters in the MSSM. However, if these parameters are completely general, too much FCNCs are induced [3] . Therefore, as a minimal assumption of the SUSY breaking, the universality of scalar masses is often considered, which means that all the SUSY breaking (squared) scalar masses are universal to be m 2 0 , and the scalar trilinear couplings are proportional to Yukawa couplings (the coefficient is universal to be A 0 ) at a unification scale.
Even if the universality is assumed, the non-universality in scalar masses is generated from the evolution of the theory from the GUT scale down to the weak scale via RGEs. In the MSSM with right-handed neutrino (N c ), the induced FCNCs from RGE effects are not large in the quark sector, while sizable effects can be generated in the lepton sector due to the large neutrino mixings [4] . The sources of FCNCs in the model are the Dirac neutrino couplings. In GUT models, the left-handed lepton doublet (L) and the right-handed down-type squarks (D c ) are unified in5, and the Dirac neutrino couplings can be written as Y ν5 N c H 5 . As a result, non-universality in the SUSY breaking mass matrix for D c is also generated from the coloredHiggs and right-handed neutrino loop diagram, and the flavor violation in the quark sector can be generated from the Dirac neutrino couplings [5, 6] . The light neutrino mass matrix is written as
where ∆ L is an SU(2) L triplet, and f is a Majorana coupling 1 2 LL∆ L . The second term is called type I seesaw term [15] . If the type I seesaw term dominates the light neutrino mass, the Dirac neutrino coupling will have large mixings to explain the large neutrino mixings in the basis where the charge-lepton Yukawa coupling Y e is diagonal. On the other hand, when the first term (triplet term) dominates it (type II seesaw [16] ), the Majorana coupling must have the large mixings. Distinguishing these two cases is very important in order to understand the source of FCNCs in the GUT models. Let us first describe the non-universality from the Dirac neutrino couplings. We will work in a basis where the charged-lepton Yukawa matrix, Y e , and the right-handed neutrino Majorana mass matrix, M R , are diagonal,
The neutrino Dirac Yukawa coupling matrix is written as
where U L,R are diagonalizing unitary matrices. We note that U L corresponds to the (conjugate of) MNSP neutrino mixing matrix, U MNSP , in type I seesaw, up to a diagonal phase matrix if U R is exactly same as 1 (identity matrix), which we will assume for simplicity. Through RGEs, the off-diagonal elements of the SUSY breaking mass matrix for the left-handed lepton doublet gets the following correction
where M * is a cutoff scale and the SUSY breaking parameters are universal. Neglecting the threshold of the GUT and the Majorana mass scales, we can write down the boundary conditions
where 
where s loop, but it arises from CKM mixings and the effect is small. So, the boundary condition at the GUT scale for 10 multiplet is
The boundary conditions, Eqs. (7, 9) , are the typical boundary conditions in the case of minimal kind of SU (5) GUT with type I seesaw [9, 17] . The Yukawa coupling matrices for up-and down-type quarks and charged-leptons are given as
where Y diag u,d,e are real (positive) diagonal matrices and P u,d,e are diagonal phase matrices. In the minimal SU(5) GUT, in which only H 5 and H5 couple to matter fields, we have
. Because it will give us a wrong prediction to the quark and charged-lepton masses, we need at least a slight modification from the minimal assumption. Even if there is a slight modification of the Yukawa coupling, we assume that the unitary matrix V dR does not have large mixings. If V dR has a large mixing, the FCNC sources in M 2 D c may be cancelled in the basis where the down-type quark mass matrix is diagonal.
Next, let us consider the case of type II seesaw in the framework of SO (10) GUT models [18, 19] . All matter fields are unified in the spinor representation 16 in the SO(10) models. Since the right-handed neutrino is also unified to other matter fields, the neutrino Dirac Yukawa coupling does not have large mixings (i.e. U L ≃ 1) if there is no large cancellation in the Yukawa couplings. In this case, as we have mentioned, the proper neutrino masses with large mixings can be generated from the Majorana couplings 1 2 f LL∆ L . Due to the unification under SO (10), the left-handed Majorana coupling, f , is tied to all other matter fields, and therefore, the offdiagonal terms in the sparticle masses are induced by loop effect which are proportional to f f † .
Neglecting the GUT scale threshold, we can write the boundary condition in SO (10) as
where
atm in this case. Note that the parameters κ, k 1,2 are of course different from those given in Eq. (7) using the set-up for type I seesaw, but we use the same notation to simplify the description. The unitary matrix U is the (conjugate of) MNSP neutrino mixing matrix up to a diagonal phase matrix, which is parameterized in the same way as Eq. (8) . The Yukawa couplings are also given as Eq. (10, 11, 12) . If we do not employ 120 Higgs fields, the Yukawa matrices are symmetric, and
The unitary matrix V L is expected to be close to 1 if there is no huge fine-tuning in the fermion mass fits.
Note that the sources of phases are not only in the unitary matrix U but also in the phase matrix P d in the Yukawa coupling. Actually, in the basis where down-type quark mass matrix is a real (positive) diagonal matrix, the phases of the 23 elements in M 2 Q and M 2 D c are independent, and these are two independent phase parameters which act as FCNC and CP violating sources for b to s transition.
If the SO(10) symmetry is manifested above the GUT symmetry breaking threshold, the off-diagonal elements of SUSY breaking sfermion mass matrices are unified at the GUT scale.
However, depending on a Higgs spectrum, the symmetry breaking of the SO(10) symmetry may not happen at a single scale. Actually, the Higgs spectrum from 126 Higgs can be split depending on a vacuum of the SO(10) symmetry breaking. At that time, the magnitude of the off-diagonal elements depends on the sfermion species:
The quantity κ F denotes the amount of the off-diagonal elements and it depends on the sfermion species. For example, only uncolored GUT particles are light compared to the others as a result of the SO(10) breaking, κ L and κ E c are larger than the others, and the lepton flavor violation will be enhanced rather than the quark flavor violation. It is interesting that the flavor violation pattern in the lepton sector and the quark sector can depend on the SO(10) symmetry breaking vacua. Actually, in order to forbid a rapid proton decay, the quark flavor violation should be larger than the lepton flavor violation among the symmetry breaking vacua [20] . Namely, it is expected that κ Q , κ U c , and κ D c are much larger than κ L and κ E c . For example, if only the Higgs fields (8, 2, ±1/2) are light compared to the breaking scale (which is the most suitable case), one obtains κ Q = κ U c = κ D c , and only quark flavor violation is generated, while lepton flavor violation is not. On the other hand, when the flavor violation is generated from the minimal-type of SU (5) (5) model. Thus, if the results of large B s -B s phase is really an evidence of NP, the GUT models are restricted severely [8, 9, 10] .
Therefore, investigating the quark and lepton flavor violation is very important to decipher the GUT symmetry breaking, when the B s -B s phase is large [9] .
3 B s -B s mixing and the other flavor violating processes Let us briefly see the phase of B s -B s mixing. We use the model-independent parameterization of the NP contribution:
where 'full' means the SM plus NP contribution, M , and thus φ s = 2(β s −φ Bs ). It is important to note that the large SUSY contribution is still allowed even though the mass difference of B s -B s [21] is fairly consistent with the SM prediction. This is because the mass difference, ∆M Bs , can be just twice the absolute value of M full 12 . The consistency of the mass difference between the SM prediction and the experimental measurement just means C Bs ∼ 1, and a large φ Bs is still allowed. For example, when C Bs ≃ 1, the phase φ Bs is related as 2 sin φ Bs ≃ A 
at 95% probability [2] . The argument of M NP 12 being free in GUT models is due to the phase in off-diagonal elements in SUSY breaking mass matrix (in the basis where Y d is a real diagonal matrix), and one can choose an appropriate value for the new phase in the NP contribution. Therefore, the experimental data constrains A NP s /A SM s , and therefore, κ sin 2θ 23 is constrained for a given SUSY particle spectrum.
Box contribution
In the MSSM with flavor universality, the chargino box diagram dominates the SUSY contribution for M 12 (B s ). In a general parameter space for the soft SUSY breaking terms, the gluino box diagram can dominate the SUSY contribution. The gluino contribution can be written naively in the mass insertion form [7] 
where a and b depend on squark and gluino masses, and δ Due to the fact that b ≫ a, the gluino contribution is enhanced if both left-and righthanded squark mass matrices have off-diagonal elements. Therefore, it is expected that the SUSY contribution to the B s -B s mixing amplitude is large for the SO(10) model with type II seesaw [9] .
Higgs penguin contribution and B s → µµ
The box diagram does not depend on tan β (ratio of the vacuum expectation values of two Higgs fields) explicitly. However, the flavor changing Higgs interaction (through so-called Higgs penguin diagram) directly depend on the tan β, and the Higgs penguin contribution can become more important than the box diagram when tan β is large [11, 12] .
The Higgs penguin contribution originates from the finite correction of the down-type quark mass. The effective Yukawa coupling is given as
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The second term is a non-holomorphic term, which can arise from the finite correction due to the SUSY breaking. The effective down-type quark mass matrix is
In the basis where the effective mass matrix is flavor diagonal, flavor changing Higgs interaction can be written as
Therefore, the flavor changing Higgs penguin coupling is proportional to the finite mass correction of the down-type quark mass matrix. The finite coupling ǫ is naively proportional to tan β, and thus, the dominant flavor changing Higgs interaction (second term) is proportional to tan 2 β. Since the B s -B s mixing can be generated from a double penguin diagram, the mixing amplitude is proportional to tan 4 β.
The effective flavor changing Higgs couplings are written as
where S 
where α is a mixing angle for h and H. The B s -B s mixing can be generated from the double left-handed penguin (which can be generated even in the universal SUSY breaking). However, it is proportional to the factor
and the factor is almost zero since cos(α−β) ≃ 0 and m A ≃ m H when m A > M Z and tan β ≫ 1.
In the same reason, the double right-handed penguin contribution is negligible. On the other hand, the double penguin diagram including both left-and right-handed Higgs penguin which is proportional to the factor
and the double penguin contribution is naively proportional to X
A . In the flavor universal SUSY breaking, the right-handed penguin coupling X 23 RL is tiny, and the double penguin contribution can not be sizable even for a large tan β. However, when the right-handed mixing is generated in the SUSY GUT models, the double penguin diagram can be sizable for large tan β. We note that if there is a FCNC source in the right-handed squark mass matrix, we do not need the off-diagonal elements in the left-handed squark mass matrix in order to generate the sizable double penguin contribution. Therefore, even in the minimal-type of SU (5) model, the double penguin contribution can be sizable when tan β is large. When the off-diagonal elements of left-handed squark mass matrix are generated, the left-handed flavor changing contribution to different processes can be modified.
In the case where tan β is about 10, the box contribution is dominant, and the contribution can be enhanced in the case of SO (10) model with type II seesaw, and a sizable contribution is not expected in the case of the minimal-type SU (5) GUT with type I seesaw. However, when tan β is around 30 or more, the double penguin contribution can be sizable, even in the SU (5) GUT model. The difference between the SU(5) and the SO(10) models will not be so significant if only a large B s -B s mixing phase is observed. In order to distinguish these models, we, however, need to probe other flavor changing effects, such as B s → µµ, b → sγ and τ → µγ.
The B s → µµ decay can be generated by a single Higgs penguin diagram [13, 12] . The decay amplitude is proportional to the muon Yukawa coupling, and thus the amplitude is proportional to tan 3 β. Therefore, the branching ratio is proportional to tan 6 β. Since it can be generated by a single penguin, this decay occurs even in the universal SUSY breaking model like the mSUGRA (minimal supergravity) [22] . The current bound of the branching ratio is Br(B s → µµ) = 4.7 × 10 −8 [23] . When tan β is large, this bound gives an important constraint to the parameter space [8, 14] . In other words, one would expect that the B s → µµ decay will be observed very soon.
b → sγ constraint
Another important constraint for the bs flavor violation is given by b → sγ decay [24] :
The b → sγ decay can be generated even in the standard model, and the NNLO determination of the branching ratio is (3.15 ± 0.23) × 10 −4 [24] , which constrains the parameter space of the MSSM. We will choose a parameter region to make the branching ratio to be between 2.2 to 4.2 (×10 −4 ) in 1-loop. In the MSSM, the chargino, gluino, and charged-Higgs contribution will be important to the amplitude. In the mSUGRA model, the chargino contribution will be dominant, and low gaugino masses are excluded especially for large tan β, because the amplitude is proportional to tan β. When the charged Higgs field is light, it will generate a positive contribution to the amplitude. Since the chargino contribution will be negative when the Higgsino mass µ is positive, the positive µ has a wider parameter region in the MSSM. When there is no FCNC source in SUSY breaking, the gluino contribution is tiny. However, if
there is a FCNC source in the right-handed down-type squark mass matrix, the right-handed operator (often called C 7R , C 8R ) due to the gluino loop can become large when µ is large. When the left-handed squark mass matrix has off-diagonal elements, the chargino contribution for the left-handed operator (often called C 7L , C 8L ) can be modified from the mSUGRA case. It is hard to describe the allowed region in a general parameter space with flavor violation, but here, we
give a simple correlation between the left-handed operator for b → sγ and the left-handed Higgs penguin contribution. As we have described, the Higgs penguin contribution comes from the finite mass correction. The b → sγ diagram is one-loop diagram with a photon emission. As a result, the signs of the contribution from the left-handed flavor violation in the squark masses are related for the b → sγ contribution and the left-handed Higgs penguin contribution.
This gives a correlation between b → sγ and B s → µµ. If µ is positive, the branching ratio of B s → µµ is enhanced when the SUSY contribution arises from the flavor violating terms cancels the chargino contribution in the mSUGRA.
τ → µγ constraint
The current experimental bound of the branching ratio of τ → µγ decay is [25] Br(τ → µγ) = 4.5 × 10 −8 .
When the lepton flavor violation is correlated to the flavor violation in the right-handed down-type squark as in the minimal-type of SU (5) model, the τ → µγ decay will give us the most important constraint to obtain the large B s -B s phase [9, 10] . The minimal-type of SU (5) GUT model is predictive due to the correlation between the amount of quark and lepton flavor violation as we have noted previously. Furthermore, the squark masses are raised much more compared to the slepton masses due to the gaugino loop contribution since the gluino is heavier than the Bino and the Wino at low energy, and thus the lepton flavor violation will be more sizable compared to the quark flavor violation.
In order to allow for a large phase in the B s -B s mixing in the minimal-type of SU (5) model, a large flavor universal scalar mass (often called m 0 ) at the cutoff scale is preferable. The reasons are as follows. The gaugino loop effects are flavor invisible and they enhance the diagonal elements of the scalar mass matrices while keeping the off-diagonal elements unchanged. If the flavor universal scalar masses at the cutoff scale become larger, both Br(τ → µγ) and φ Bs are suppressed. However, Br(τ → µγ) is much more suppressed compared to φ Bs for a given κ sin 2θ 23 because the low energy slepton masses are sensitive to m 0 while the squark masses are not so sensitive due to the gluino loop contribution to their masses. In this case, however, it is hard to satisfy the muon g − 2 [26] and the stau-neutralino co-annihilation region for the dark matter [27] .
When tan β is large, the τ → µγ constraint is relaxed for a large B s -B s phase, because the double-penguin contribution to the B s -B s mixing is proportional to tan 4 β while the τ → µγ is proportional to tan 2 β. However, the B s → µµ constraint becomes very severe in this case since it is proportional to tan 6 β.
As we have noted, in the SO (10) model, on the other hand, the suppression of lepton flavor violation is related to the selection of the symmetry breaking vacua, and in fact, it is preferable that the quark flavor violation is sizable but the lepton flavor violation is suppressed [20] .
Numerical results
We plot the figures when the NP/SM ratio of the B s -B s amplitude is 0.5, A NP s /A SM s = 0.5, and the absolute value of the full amplitude is same as SM amplitude, C Bs = 1. Under these choices, one can obtain that |2φ Bs | is about 0.5 (rad). We choose the unified gaugino mass m 1/2 = 500 GeV, and the sfermion mass m 0 = 500 GeV, and the universal trilinear scalar coupling, A 0 = 0, and tan β = 40. We consider that the SUSY breaking Higgs squared masses m In figure 1 , we plot the figure in the case of the SO(10) boundary condition with type II seesaw. In this case, even if we fix the phase of B s -B s amplitude, we still have one more phase degree of freedom. We show the cases where the 23 off-diagonal element of left-handed squark mass matrix is real in the basis where the down-type mass matrix is real diagonal. (Under this choice, the modification of the left-handed penguin contribution will be maximized.)
The other phase in the off-diagonal element in the right-handed squark mass matrix is fixed when we choose C Bs = 1. The two plots in figure 1 corresponds to the two signs of the offdiagonal element in the left-handed squark mass matrix. Since the off-diagonal elements can have continuous phase parameter, the two figures will morph into each other continuously by the phase degree of freedom. In the left plot, the Br(B s → µµ) is enhanced, while it is suppressed in the right plot. As one can see that the Br(b → sγ) excludes most regions of the right plot, while all this region is allowed in the left side plot, which is explained in the previous section. If µ is large, the gluino contributions for C 7R , C 8R become large and the Br(b → sγ) constraint is relaxed in the right plot. We can say that, in this parameter region, a large B s -B s mixing phase can be generated by the double penguin diagram, and the extra phase will be constrained by the Br(b → sγ) constraint.
In figure 2 , we plot the case of SU (5) One can see that, the Br(τ → µγ) constraint excludes most regions of the plot. In other words, Br(B s → µµ) has to be large enough to be detected under this boundary condition for large tan β. This is because of the following reasons. When m A is large, the double penguin contribution is suppressed. Then, κ has to be large in order to obtain a large B s -B s mixing phase. However, a large κ is excluded by the Br(τ → µγ) constraint. As a result, a heavy pseudo Higgs field is excluded, and thus the Br(B s → µµ) has to be large. As we have noted, the Br(τ → µγ) constraint is relaxed when m 0 is large.
We note that using the universal scalar mass boundary condition for sfermion and Higgs fields (m 0 = m Hu = m H d ), it is very hard to obtain the large B s -B s mixing phase due to Br(τ → µγ) constraint under the SU(5) boundary condition with type I seesaw, since m A and µ is not free in this case. Actually, m A is not so low to enhance the double penguin diagram in this universal boundary condition as a consequence of the fact that the gaugino mass should be large enough to satisfy the b → sγ constraint especially for large tan β. However, when tan β is about 50, the pseudo Higgs mass m A becomes lower due to bottom Yukawa contribution in RGEs. Furthermore, as we have noted, the double-penguin contribution to the B s -B s mixing is proportional to tan 4 β while the τ → µγ is proportional to tan 2 β. Therefore, in this case, a large B s -B s mixing phase can survive satisfying the τ → µγ constraint even in the universal scalar mass condition. In this case, the branching ratio of B s → µµ has to be at the edge of the current bound.
Conclusion
We investigated the GUT models when the B s -B s mixing phase can become really large as indicated in the Fermilab experiments. We considered two cases: one is the minimal-type of SU(5) model with type I seesaw. The other is the minimal-type of SO(10) model with type II seesaw. The difference between the two boundary condition is whether there exists a sizable off-diagonal element in the left-handed squark mass matrix. It is important to note that the sources of FCNC will be restricted in the GUT models if the large phase of B s -B s mixing persists in the upcoming result in the Fermilab. For small tan β, the SUSY contribution of B s -B s mixing amplitude is dominated by the gluino box contribution, and the phase of B s -B s mixing will be more enhanced under the SO(10) boundary condition compared the SU(5) boundary condition [7, 9] . When tan β is large, the double penguin contribution will dominate in both SU(5) and SO(10) boundary condition. Under the SO(10) boundary condition, the left-handed FCNC source will modify the left-handed Higgs penguin as well as the C 7L , C 8L operators for the Br(b → sγ) decay, depending the phase of the 23 off-diagonal element. When the phase of B s -B s mixing is large, the phase of the 23 off-diagonal element in the left-handed squark mass matrix is restricted especially when Higgsino mass µ is small as shown in Fig. 1 . When the phase is suitable to satisfy the Br(b → sγ) bound, the left-handed penguin contribution is slightly enhanced and the Br(b → sγ) is larger compared to the case with no left-handed FCNC source. Under the SU (5) boundary condition, the pseudo Higgs mass should be low enough to satisfy the Br(τ → µγ)
constraint for a given parameter as shown in Fig. 2 , and then the Br(B s → µµ) has to be sizable, and it can be detected very soon.
In this paper, we have concentrated on the importance of the 2nd and 3rd generation FCNC effects such as Br(τ → µγ) and φ Bs correlation in GUT models, since they can be correlated directly by 23 mixing. The constraints from Br(µ → eγ) decay, K-K and B d -B d mixings, may be also important, but these effects depend on the details of flavor structure which can have a freedom of cancellation. We refer to the Ref. [17] for an analysis of flavor violation including the first generation.
